Dental patients often present with a medical history that suggests the potential for clinically significant intraoperative bleeding, which might be defined as blood obscuring the operative site and interfering with carrying out a given procedure, or blood loss sufficient to require transfusion. Several hours of minor postoperative bleeding is of little concern following procedures such as dental extractions, but there is no commonly accepted definition of what constitutes prolonged or clinically significant postoperative bleeding. It could be defined as that which:
1. Continues beyond 12 hours; 2. Causes the patient to call or return to the dental practitioner or to the accident and emergency department; 3. Results in the development of a large haematoma or ecchymosis within the oral soft tissues; or 4. Requires a blood transfusion.
Most episodes cause concern or inconvenience to the patient, and rarely require a return to the dental surgery or local accident and emergency department.
Coagulopathies that predispose to oral bleeding can be divided into two broad categories -inherited and acquired. This two part review covers acquired coagulopathies that arise from disease, or medications, or both. Disease-related bleeding disorders result most often from hepatic, renal, and bone marrow disorders, which have varying effects on the haemostatic process (Table 1 ). Bleeding problems from medications will be covered in a subsequent paper. An understanding of the basic features of the coagulation cascade is helpful for an appreciation of the common elements of inherited and acquired coagulopathies and how medications and disease affect the coagulation cascade (Fig. 1) . 1 The challenge for the dental practitioner is to:
• There is little scientific basis for treatment standards for patients with coagulopathies.
• The medical history is critical to the identification of patients at risk for prolonged bleeding.
• Laboratory tests ordered must be specific to the specific bleeding disorder.
• The relationship between oral bleeding and liver, kidney and bone marrow disease is poorly understood.
• There is a need for research on the dental management of patients with coagulopathies.
I N B R I E F
This work was initiated while Dr. Lockhart was a TC White Visiting Professor at the Royal College of Physicians and Surgeons, and at Glasgow Dental Hospital and School, University of Glasgow, UK VERIFIABLE CPD PAPER 1 . Determine the relative likelihood of clinically significant bleeding from a variety of invasive procedures for patients with liver, kidney, or bone marrow disorders; and 2. Put into perspective the risk for, and outcome of, clinically significant bleeding versus the risk associated with altering the patient's medical management (eg anticoagulant dosage).
This issue becomes more complex and even less science-based when a patient has more than one source of a coagulopathy, such as the chronic alcoholic who takes an anticoagulant for cardiovascular disease.
Community practice standards are based on a large volume of chapters, case reports, retrospective studies, opinion papers, and unofficial guidelines, few of which are based on data from clinical trials. The ordering of laboratory tests and making changes in anticoagulant drug regimens are often unwarranted and/or expensive, and can put patients at far greater risk for morbidity and mortality than the unlikely outcome of postoperative bleeding. The dental management of these patients is less complicated than commonly thought, and can usually be accomplished in the primary care setting without the need for changes in medical management, referral to a specialist, or hospitalisation. 2, 3 This paper summarises common acquired coagulopathies due to systemic disease, and proposes guidelines for the evaluation and management of this often-challenging group of patients. The process of patient management begins with the medical and dental history and an assessment of the need for medical consultation and laboratory studies.
THE MEDICAL HISTORY
The appropriate medical history is dictated by the clinical situation, and is a prerequisite for the proper management of all dental patients, in particular those who may be at risk for oral bleeding. Information gained from the patient will usually suggest the nature and severity of the coagulopathy, and this may be all that is needed prior to an invasive dental procedure. Standard medical history questionnaires can be used to gather preliminary information as a starting point for a more focused verbal questioning. Such screening forms should have questions concerning current and past problems with kidneys, liver, bone marrow, malignant disease, and the use of specific medications thought to cause a coagulopathy. Some patients will have difficulty completing history forms due to a poor understanding or expression Although pre-existing infection is reported to be the most common cause of an isolated episode of prolonged bleeding following tooth extraction, patients must be fully questioned regarding the circumstances. 4 The following specific points in the medical history should alert the practitioner to a potential problem:
1. Previous diagnosis of a bleeding tendency (eg epistaxis (nose bleed), easy bruising); 2. Prolonged bleeding after nondental surgical procedures (eg tonsillectomy); 3. Bleeding lasting more than 24 hours or requiring a transfusion; 4. Hospital attendance and/or admission for postoperative bleeding; 5. Use of medications known to interfere with coagulation (eg warfarin); 6. Bleeding that begins some days after the procedure (eg haemophilia); and 7. Chronic and excessive alcohol intake (record type, volume consumed/week, and duration in years). Although it can be a difficult subject, it is important to know about the volume of alcohol consumed per week and the duration in years. Heavy alcohol consumption is a common cause of coagulopathy, 5 and it can be enhanced by the use of over-thecounter medications (eg NSAIDs).
A positive response to any of the above questions should lead the dental practitioner to pursue further details until a decision can be made regarding the need for laboratory testing and medical consultation, or a determination that there is no reason for concern. 6 Each individual coagulopathy, whether from medication or systemic disease, dictates specific questions and medical evaluation (eg laboratory tests) to determine nature and severity. A more significant problem arises if there are multiple coagulopathies. Although single coagulopathies rarely result in clinically significant oral bleeding, multiple coagulopathies must be evaluated individually and then be considered together, as two relatively insignificant coagulopathies can result in prolonged intra-or post-operative haemorrhage. Examples include:
1. Patients with chronic renal failure who takes aspirin and/or another anticoagulant for cardiovascular disease or hypercoagulability from nephrotic syndrome 2. Patients with alcoholism affecting both liver and bone marrow who take NSAIDs or another platelet inhibitor as prophylaxis for coronary artery disease.
In addition to the medical history, the clinical examination of the oral mucosa may reveal signs of an undiagnosed bleeding disorder. For example, ecchymosis (superficial bleeding under the mucosa) and haematomas (a mass of extravasated blood under the mucosa) suggest a coagulopathy, especially in the absence of trauma. Petechiae (small hemorrhagic spots under the mucosa) and prolonged bleeding from minor wounds suggest a problem with platelets (quantitative or qualitative) or with blood vessel integrity.
LABORATORY STUDIES
Specific laboratory tests are often recommended to help determine the potential for prolonged bleeding from surgical procedures in patients with hepatic, renal, and bone marrow disorders (Tables 2-4) . Historically, the standard battery of laboratory tests included the bleeding time (BT), prothrombin time (PT), partial thromboplastin time (PTT), platelet count, and International Normalised Ratio (INR). The INR and PTT will be discussed in a companion paper, as they relate primarily to coagulopathies from warfarin and heparin respectively. Other tests, such as blood urea, serum creatinine, creatinine clearance, haemoglobin, serum albumin, and bilirubin are commonly thought to be of some value, but they have limited use in dental practice because cut-off values for safe treatment have not been established. Laboratory screening tests helpful in the evaluation of patients with renal, liver or bone marrow disease who may be at risk for bleeding are:
Bleeding time test
The standard method of determining platelet function is to use one of the technique-sensitive bleeding time (BT) tests. Refinements in the technique of performing a BT since it was first described in 1910 have resulted in a test that is often used as a preoperative screen for the potential for bleeding. The template BT test involves applying a blood pressure cuff to the arm and making a standardised incision on the forearm with a template (small blade). The wound is then carefully blotted on a specific schedule, and the time it takes for the bleeding to stop is recorded in minutes. One hospital reported that over 1,900 preoperative BTs were ordered in a 6-month period for patients felt to be at risk for bleeding, 6% of which were abnormal. 7 It has been estimated that the misuse of the BT test in the Unites States results in a cost of 114 million dollars (about 75 million pounds sterling) each year. 8 Abnormally long bleeding time test results can have several causes, such as abnormal skin and vascular tone, thrombocytopenia, acquired abnormalities of platelet function (eg aspirin use), fibrinolysis, anaemia, uraemia, liver disease, and von Willebrand factor deficiency, as well as errors in technique of performing this test. 7,9-11 Although current standard of care suggests that the use of a BT test and its correlations with postoperative bleeding at non-oral sites, applies to invasive dental procedures, 12 there are no prospective studies to confirm this. The BT test is not normally performed in the UK, and there is no clear indication for its use in community dental practice.
Prothrombin time
The presurgical prothrombin time (PT) is an example of a time-honoured laboratory test commonly used to evaluate patients with liver disease, as it measures extrinsic pathway factors (I, II, V, VII, X), three of which (II, VII, X) are vitamin K dependent (Fig. 1 ). This test is performed by mixing calcium and thromboplastin with citrated plasma and measuring the time it takes to coagulate. Thromboplastin is a phospholipid-protein extract of animal tissues that contains the tissue factor and the phospholipid necessary to provide the activation of factor X by factor VII. 13 In the past this test was not standardised, as different commercially-produced thromboplastins were used throughout the world. This resulted in varying degrees of anticoagulation, even with identical PTs. Nevertheless, the PT test is useful to estimate the degree of liver damage and the propensity for bleeding, keeping in mind that it is not a linear relationship. A large portion of the liver (around 30-50%) must be destroyed to be reflected in an elevated PT test result, and therefore a slightly increased PT test likely represents significant liver damage.
Platelet count
The platelet count is a measure of the number of platelets in the systemic circulation, with a normal range of 150,000-450,000/µl (Table 3) . A low platelet count (thrombocytopenia) can result from destruction (eg drug poisoning from alcohol, hypersplenism from liver disease) or a decreased production (eg leukaemia, drugs). Although this test gives little or no information concerning the viability or functionality of platelets, there are generally accepted platelet count ranges that represent varying degrees of thrombocytopenia and risk for bleeding (Table 4) . Certain drugs and systemic disease can affect platelets both quantitatively and qualitatively, as discussed under specific diseases above.
Creatinine, blood urea, and creatinine clearance tests Although the creatinine and blood urea tests give a measure of impaired renal function, they are not useful in dental practice as it is not known what test results represent a clinically significant risk for oral bleeding. 14, 15 A creatinine of 265-355 µmol/L suggests the possibility of a problem, but at 530-620 µmol/L the likelihood of prolonged oral bleeding becomes a concern. Creatinine clearance (CRCL) test is often cited as a gold standard for the degree of renal failure, but test results may be inaccurate due to the common (20%-30%) problem of an incomplete 24-hour urine collection.
The CRCL test could serve as a rough predictor for prolonged oral bleeding, although there are no prospective studies to demonstrate this relationship. Patients with a potential for oral bleeding would likely have calculated CRCL values of less than 20 mL/min. In addition, the relationship between CRCL and the degree of renal failure is not linear, since a change from 1 to 2 on the CRCL severity scale can indicate a 50% decline in renal function. However, the difficulty of acquiring an accurate CRCL test result precludes its use in community dental practice.
COAGULOPATHY AS A CONSEQUENCE OF DISEASE:
Chronic renal failure Over 200,000 people in the United States have chronic renal failure (CRF) and a resultant uraemia necessitating dialysis. 16 In the UK, more than 500 patients/million population are currently receiving treatment, consuming 2% of the NHS budget. 17 Causes of CRF include diabetes mellitus, glomerulonephritis, and hypertension. Patients with CRF can be hypercoagulable due to depletion of proteins C, S, and antithrombin III. Haemostasis in patients with CRF is impaired principally as a result of an ill-defined platelet dysfunction from hyperviscosity and a defect in platelet membrane glycoproteins (gp IIb-IIIa), which play an important role in the adhesion and primary platelet aggregation stages of haemostasis (Table 1) . [18] [19] [20] [21] These glycoproteins serve as platelet membrane receptor sites for binding fibronectin and von Willebrand factor, which are necessary for their proper function. 20, 22 The bleeding time test result can be elevated in uraemic patients with CRF in accordance with this platelet defect, although this can be related to anaemia as well. 23 However, platelet function is also increased in the setting of nephrotic hyperproteinaemia (increased protein in the blood) from kidney failure, and platelet aggregation inhibitors (eg lowdose aspirin) are often prescribed. 24 The kidneys are also a major source of erythropoietin, a key cytokine that induces myeloid stem cells in the bone marrow to differentiate into mature red cells.
Patients with CRF will either be in a predialysis state or they will be on a regular dialysis programme. The determination of when dialysis patients have the potential for clinically significant bleed- 
Hepatic failure
Hepatitis, hepatic cancer (primary or secondary), cirrhosis secondary to alcohol abuse, and other diseases that destroy liver tissue and decrease hepatic protein synthesis, (except factor VIII and von Willebrand factor) all result in a decrease in the clotting factors necessary for haemostasis (Table 1) . [25] [26] [27] In addition, obstructive jaundice from cholestasis impedes Vitamin K absorption, thus interfering with the production of the Vitamin K-dependent factors II, VII, IX, and X, and proteins C and S. 28 Cirrhosis and portal hypertension can also lead to an increased bleeding time, as liver disease interferes with platelet distribution and results in hypersplenism and folate deficiency. Liver function laboratory tests are used to determine liver disease status, but there is no definitive laboratory test that determines the degree of hepatic failure, such as the creatinine clearance test serves for renal disease. Liver disease, if severe enough, will manifest as an elevated prothrombin time (PT) test result, but the correlation between PT test results and oral bleeding has not been established. Attempts have been made to use a variety of laboratory test values and physical findings to determine risk for bleeding, and the Child-Pugh classification scheme is the most common. More recently, the modified Child-Pugh classification for cirrhosis has been described ( Table 2) . 26 This scheme uses ascites (increased abdominal girth from fluid retention), encephalopathy (from buildup of proteins in the blood), bilirubin, albumin, and prothrombin time test results to arrive at a numerical score. The value of this scheme as a predictor of bleeding following dental surgery has not been determined, but it is unlikely that bleeding would occur with a Modified Child Pugh result of A or B, as Category B patients would rarely have a PT greater than 4 seconds over the control value.
Bone marrow failure
There are several causes for the loss of haemopoietic bone marrow cells (Table 1) . For example, the abnormal line of malignant cells in leukaemia can suppress production of normal blood cells, and the result could be oral (gingival) bleeding as the first indication of promyelocytic leukaemia. Some cancer chemotherapy agents target specific progenitor cells in the marrow (eg leukaemic cells), and others suppress all bone marrow cells, to include platelets. The most important outcome of bone marrow failure or damage, from the standpoint of oral bleeding, is the impact on megakaryocytes, the progenitor cells for platelets. Uraemia from renal failure and chronic alcohol ingestion can damage the bone marrow, and results in low platelet counts and an interference with platelet function.
There are other diseases and conditions that predispose to oral bleeding, but they are either rare (eg aplastic anaemia) and/or their nature may preclude invasive dental procedures in the community setting without medical consultation. Malnutrition can cause a vitamin K deficiency that results in prolonged bleeding, and prolonged vitamin C deficiency will produce scurvy, a rare but life threatening disorder that presents with gingival swelling and bleeding.
DENTAL MANAGEMENT CONSIDERATIONS

Fundamentals in patient management
In most situations of a single coagulopathy, extractions and other similarly invasive procedures can be managed safely in a community dental practice. Careful surgical technique, including an attempt at primary wound closure and local haemostatic measures will usually suffice. Oxidised cellulose tranexamic acid rinses, [29] [30] [31] astringents (eg aluminum chloride), microfibrillar collagen, thrombin-soaked gauze, 32 fibrin sealant and adhesive, 2,33 electrocautery, 32 absorbable gelatin sponges, and aminocaproic acid (EACA) to prevent clot lysis, have all been suggested as aids to haemostasis in this setting. 3, [34] [35] [36] [37] [38] [39] Many of these methods are based on studies with flawed designs and therefore lack scientific validity. A study of 69 patients undergoing oral surgical procedures, with varying INR values from warfarin had no cases of clinically significant prolonged or excessive bleeding with the use of both absorbable gelatin sponges and fibrin sealant. 2 However, prospective clinical studies suggest that a surgical sponge with or without sutures is all that is necessary. 40 The usual concentrations of epinephrine in local anaesthetic (ie 1:80,000 in the UK) should also help with intra-and post-operative bleeding. In the case of single coagulopathies, moderately invasive procedures such as dental scaling, crown and bridge procedures, and uncomplicated dental extractions can be done safely without alteration of anticoagulant medications or preoperative blood transfusions. Patients with multiple or more severe single coagulopathies are best managed by dentists familiar with these disorders and in settings where blood products are available, should they become necessary. Medical advice should be sought for patients with the following situations:
1. Multiple coagulopathies; 2. Advanced uraemia without dialysis; 3. Platelet counts of less than 50,000; 4. Pre-liver transplant status; 5. Aplastic anaemia; and 6. High dose (ie myelosuppressive) cancer chemotherapy.
The fundamentals of the dental management of patients with coagulopathies are covered elsewhere. 1, 38, 41 What follows are principles of patient management that relate to the underlying disease process, and which have varying scientific support.
The degree to which renal, hepatic, and bone marrow disease interfere with coagulation following invasive dental procedures is not well understood. Although we could find no randomised, prospective studies, it is unlikely that individuals whose renal failure is well managed with dialysis would be at increased risk for clinically significant bleeding, even from multiple dental extractions. However, patients with liver or bone marrow failure, and especially those with multiple coagulopathies, are at some risk. Therefore, patients with a medical history suggestive of a coagulopathy from systemic disease must be evaluated concerning the need to alter their dental management. Based on the medical history, patients may require specific laboratory tests, and consideration should be given to contacting the patient's medical practitioner, or if appropriate, a haematologist.
In the case of dialysis for CRF, patients are heparinised for the time they are receiving dialysis, and they could be anticoagulated to some degree for several hours thereafter. Heparinisation, along with chronic anticoagulation (eg aspirin, warfarin), creates a multifactorial coagulopathy that puts a patient at higher risk for bleeding from dental procedures immediately following dialysis. Although the halflife of heparin is approximately 4 hours, dialysis is a long and fatiguing procedure, and for this reason patients are better able to tolerate dental care on a non-dialysis day. On the other hand, the longer a patient is from their last dialysis, the more likely they are to have a coagulopathy from uraemia. Finally, use caution with drugs that are cleared by the kidneys, such as an increased plasma level of potassium from penicillin, as they can build up to toxic levels.
Patients with liver failure from any cause are difficult to evaluate from the standpoint of risk for oral bleeding. A relatively small elevation of the prothrombin time (PT) test (eg PT = 13-15) suggest significant (ie > 50%) liver damage. There are various methods for improving patient tolerance of invasive procedures. Vitamin K (at doses of 10 mg IM) corrects hypoprothrombinemia from malnutrition and biliary obstruction, but not intrinsic liver disease. Fresh frozen plasma will lower the prothrombin time, and platelet transfusion addresses both quantitative and qualitative problems. In the case of more significant coagulopathies, the approach to an invasive procedure may need to be adjusted accordingly, and the patient should be observed post-operatively in the surgery for a longer time period than usual. Care should be exercised with the use of narcotic analgesics (eg morphine) and sedatives (eg diazepam), as their duration is prolonged in decompensated liver disease. As with chronic renal failure, smaller doses should be used for drugs that are metabolised by the liver. In particular, avoid the use of paracetamol in the presence of liver failure and alcoholism, although doses of up to 4 g/day are allowable. Algorithms have been proposed for the determination of risk for bleeding from varying invasive procedures, but it is important to recognise that there are few if any reliable prospective studies to provide firm guidelines for these issues. 38 Patients with bone marrow failure or damage, who do not have another coagulopathy, are of concern from the standpoint of their platelet status, both quantitative and qualitative. A platelet count test result should be above 50,000 for elective and moderately invasive procedures. Although most textbooks suggest a risk of bleeding with a platelet count below 50,000, in the absence of an additional coagulopathy, single tooth extractions can often be accomplished with counts below this level (eg > 30,000), but consultation with the patient's haematologist is advised.
Risk from various dental procedures
The risk of bleeding from various invasive dental procedures is a poorly understood area of clinical practice, and it forms a continuum of relative risk from none to great. It is clear that a simple restoration that does not involve the gingiva is non-invasive and poses little or no risk by comparison with deep scaling and multiple extractions. The difficulty lies in the middle ground of invasiveness, (eg supragingival scaling, extensive restorations). A long-standing concern exists with block injections as opposed to infiltration of local anaesthesia, since it requires deeper invasion of the tissues and the potential to invade muscle and large vessels. As a general rule, inferior dental block anaesthesia should be considered an invasive procedure, if only because of the long-standing (but poorly documented) concern about bleeding in an area that is difficult to control and which might involve the airway. A combination of infiltration and intraligamentary anaesthesia might be appropriate in cases of severe coagulopathy, but only for extractions or endodontic procedures, as permanent damage to the neurovascular contents of the pulp chamber could result from restorative procedures following intraligamentary injections. The spectrum of risks in each of these scenarios may never be fully established, but a combination of common sense, an understanding of the principles involved, clinical experience, and an ability to manage the rare complication of bleeding allow for the least risk to the patient.
Given the vascularity of the oral cavity, some degree of intra-and post-operative bleeding from surgical procedures is expected. However, the incidence of clinically significant intra-or post-operative bleeding following a single tooth extraction is unusual or rare. In addition to cost/benefit issues, dental practitioners should avoid the discomfort, inconvenience and expense of unnecessary laboratory testing, specialty referral, and/or hospitalisation. Few prospective clinical studies exist to aid in the determination of management protocols for patients with acquired coagulopathies, and therefore current clinical practice is often based on opinion, historical precedent, case reports, and false assumptions based on laboratory testing. 36, 42 Clearly, high-quality research in this area of dental practice is a high priority.
